SECTION 7
DRAI NAGE CRI TERI A

Estimating St orm Runof f

The Rational Method of estimating the storm runoff shall be
utilized for all waterway openings equal to or less than 19
square feet. The proposed nmethod for conputing the storm runoff
requiring a waterway opening greater than 19 square feet shall be
approved by the Division of H ghways. The Rational Method of
design is as foll ows:

Q =Ci A

Q =Rat e of runoff in cubic feet per second

wher e

C =Weéi ght ed runof f coefficient (aver age of t he

coefficients assigned to the different types of
contributing areas)

i =Average rainfall intensity, inches per hour, for the
sel ected frequency and for duration equal to the
time of concentration.

A =drai nage area, in acres, tributary to the point under
desi gn.

The follow ng values of C for various types of contributing areas
shall be utilized in the solution of this nmethod of design:

Val ues of Runoff Coefficients (C
for Use in the Rational Method

Runof f
coefficient
Type of surface (O 1
Rural Areas
Concrete or sheet asphalt pavenent 0.8-0.9
Asphal t macadam pavenent 0.6-0.8
G avel roadways or shoul ders 0.4-0.6
Bare earth 0.2-0.9
St eep grassed areas (2:1) 0.5-0.7
Turf meadows 0.1-0.4
Forested areas 0.1-0.3
Cultivated fields 0.2-0.4
1
For flat slopes or perneable soil, use the | ower val ues.

For steep slopes or inperneable soil, use the higher val ues.



Runof f

coefficient
Type of surface (O 1

Rur al Areas

Fl at residential, wth about

30 percent of area inpervious 0. 40
Flat residential, wth about

60 percent of area inpervious 0.55
Moderately steep residential, wth about

50 percent of area inpervious 0. 65
Moderately steep built up area, wth about

70 percent of area inpervious 0. 80
Flat comrercial, with about 90 percent

of area inpervious 0. 80

Contri buting drainage areas shall be eval uated based on the
fully devel oped I and in accordance with the existing or
proposed zoni ng.

For a nore detailed explanation of the Rational Method of
design see "Design of Roadside Drainage Channels"
publ i shed by U S. Department of Transportation, Federal
H ghway Adm ni stration.

Hydraul i cs of Drai nage Channel s

The Manni ng equation shall be utilized to express the flow
of water in open channels. The Manning equation is as

fol |l ows:
1.49
Vv = n R2/3 S1/2
wher e
V= Vel ocity in feet per second (f.p.s.)
n= Manni ng coefficient of channel roughness
r= Hydraulic radius, in feet
s= Sl ope, in feet per foot

The following values of n for various types of channel
[inings shall be wutilized in the solution this
equati on:



Manni ng Roughness Coefficients (n)

1. Cl osed Conduits

Rei nf orced Concrete Pipe 0.012
Corrugated Metal Pipe or Pipe Arch

Plain or Fully Coated (Unpaved) 0. 024
25% of circunference paved 0. 021
Ful ly Paved 0.012

2. Li ned OQpen Channel s
Concrete (float finish) 0.014
Plain R p Rap 0. 040
Grouted Rip Rap 0. 035
3. Swal es and CHannels with Mintai ned Vegetation

Grass (nmowed to 2") 0. 045
Grass (good stand - 12" height) 0. 09

4, Street Qutters

Concrete 0.012
Asphal t 0.013

For additional values see "Design Charts for Open-Channel
FLow' published by U S. Departnent of Transportation
Federal H ghways Adm ni stration

Drainage Criteria

-Culverts: 25 year storm frequency. Check the
design to verify that the headwater el evation
is no higher than 1'=0" bel ow the edge of the
proposed shoulder and that the resulting
ponding is not detrinental to the highway or
t he adj acent property.

-For the purpose of this section a culvert is a
drai nage facility which transports water from
a natural drainage course.

-See "Hydraulic Charts For The Selection of

H ghway Cul verts", Hydraulic Engi neering
Crcular No. 5, Decenber 1965, U. S. Dept. of
Transportation, Feder al H ghway

Adm ni strati on.



-Storm Sewers: 10 year storm frequency. Check
the design to insure the hydraulic gradient
is no higher than 1'-0" below the top of the
inlet.

-See "Design of Urban H ghway Drai nage - The State
of the Art," August 1979, U.S. Departnent of
Transportation, Feder al H ghway
Adm ni stration.

-Inlet Design (10 year Frequency): Check the
design to insure the spread of water is no
greater than 8 feet fromthe flow line of the
curb. Maxi mum spacing of inlets is not to
exceed 300'.

-Parall el Ditching: (5 year Frequency): Check
the design to insure the depth of the water
in the ditch is no higher than 0'-6" bel ow
t he edge of the proposed shoul der.

- Drai nage Design Report: A drainage design report
containing the followng mninum data shall
be prepared for each project (See Figure X-1
to X-6 for various drainage charts that are
to be used in the preparation of the drainage
report):

a) Ti me of Concentration

b) Wei ght ed runoff coefficient

c) Desi gn di scharge

d) Type and sl ope of drainage facility

e) Spaci ng of drainage inlets

f) Er osi on protection

g)Drainage area plan to acconpany storm
dr ai nage cal cul ati ons.

CGeneral Requirenents

-Cul verts: M ni mrum pi pe size - 18" dianeter or
equivalent. Mnimmvelocity (full flow - 2
feet per second. | nvestigations shall be
made to determne required protection at the
outfall to prevent erosion of the outlet
channel .

-Storm Sewers: M ni mum pipe size (full flow -
15" dianeter or equivalent. Mninumvelocity
- 2 feet per second. Investigations shall be
made to determne required protection at the
outfall to prevent erosion of the outlet
channel . Maxi mum spacing of clean out

facilities is not to exceed 300'.



-Parallel Ditching: | nvesti gations shall be nade

to determne if protection of the ditch from
erosion is necessary. Maxi mum perm ssi bl e
velocities for channels lined with vegetation
are as foll ows:

(FPS)
Perm ssible Velocity Easily
Er osi on Resi st ant Er oded
Sl ope Range Soils Soils
0-5% 5 4
5-10% 4 3

-Culvert and Storm Sewer Qutlet Velocity: The

- Dr ai

treatment of the outlets for culverts and
storm sewers to control erosion shall be in
accordance, with "Hydraulic Design of Energy
Di ssipators For Culverts and Channels",
Hydraulic Engineering Crcular No. 14, U S
Department of Transportation, Federal Hi ghway
Adm ni stration.

nage Easenents: Drai nage easenents are
required for all drainage facilities not
within a dedicated right of way. Underground
drainage facilities wll require 20 foot
drai nage easenents. (Open drainage facilities
will require a width equal to the w dth of
the facility at the proposed ground | evel
plus 5 feet on either side of the facility.

-Ofsite Easenents: Drai nage easenents are

- Dr ai

required for offsite drainage facilities in
order to provide positive drainage from the
devel opment to the point of discharge.
Devel opnent drainage nust be carried to a
natural or existing drai nage course. Copi es
of drainage easenents are to be provided the
Department and referenced on the record plan.

nage Di scharge: The outfall shall be carried
to a point of positive outfall in order to
prevent downstream fl oodi ng.



